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ABSTRACT 
Public water supply is capital intensive and requires a significant investment, 
effective management and public participation. The task is most challenging in 
developing countries with lower income, where less attention is given to provision of 
infrastructure and inefficient management of the system is ever present. However, 
the issue of inadequacy of water supply and ineffective distribution system in most of 
the cities in developing countries has been compounded by rapid increase in 
population. This research focuses on assessment of public water distribution in Yola, 
Nigeria using geographic information system (GIS). It is aimed at analyzing water 
distribution system in Yola with a view to optimize the distribution. The study 
considers elevation, population density and availability of space as well as centrality 
within the densely populated areas as criteria for the analysis. Five different datasets 
were used for the study; street data, existing pipeline network, parcels (open spaces), 
elevation and population data. Yola geodatabase is the source of spatial data 
generated using ArcGIS 10.2.1. The existing water distribution network was 
digitized on the street map to define the areas covered by the network; digital 
elevation model (DEM) was also generated using ArcGIS 10.2.1 to visualize the 
topography of the study area. A suitability model with elevations, available spaces 
and population density as inputs, was developed to determine suitable locations for 
reservoirs in order to ensure smooth flow from the reservoirs to consumers under 
gravity. Shortfall in water supply for Yola was also determined by computing water 
supply deficiency for each administrative ward within the study area. Findings from 
the study provided three alternatives and the first alternative with three reservoirs is 
considered the most suitable. Reservoir locations in the first alternative were 
determined based on the top most level of the set criteria, to ensure total coverage of 
the study area. This study concluded that suitability analysis using spatial analyst 
extension provides suitable location for reservoirs to ensure optimal water 
distribution system. 
 
 
 
vii 
 
 
 
 
ABSTRAK 
Sistem bekalan air awam perlukan modal yang intensif dan pelaburan yang 
besar, pengurusan yang berkesan dan penyertaan awam. Tugas ini adalah paling 
mencabar di negara-negara membangun yang berpendapatan rendah, di mana 
perhatian yang kurang diberikan kepada penyediaan infrastruktur dan disamping 
sistem pengurusan yang tidak cekap. Walau bagaimanapun, isu kekurangan bekalan 
air dan sistem pengagihan yang tidak berkesan di kebanyakan bandar di negara-
negara membangun telah diburukkan lagi oleh peningkatan pesat penduduk. Kajian 
ini memberi tumpuan kepada penilaian semula sistem pengagihan air awam di Yola, 
Nigeria menggunakan sistem maklumat geografi (GIS). Ia bertujuan untuk 
menganalisis sistem pengagihan air di Yola dengan tujuan untuk mengoptimakan 
pengagihan. Kajian ini mengambil kira ketinggian, kepadatan penduduk dan 
kesediaan ruang, serta keutamaan dalam kawasan padat dengan penduduk sebagai 
kriteria untuk analisis. Lima set data yang berbeza yang digunakan untuk kajian ini 
ialah; data jalan, rangkaian saluran paip yang sedia ada, tapak kosong, ketinggian dan 
taburan penduduk. Yola geodatabase adalah sumber data spatial dijana menggunakan 
ArcGIS 10.2.1. Rangkaian pengagihan air sedia ada telah didigitalkan pada peta jalan 
untuk menentukan kawasan yang diliputi oleh rangkaian; model ketinggian berdigit 
(DEM) juga dijana menggunakan ArcGIS 10.2.1 untuk menggambarkan topografi 
kawasan kajian. Model kesesuaian dengan ketinggian, ruang yang terdapat dan 
kepadatan penduduk sebagai input, telah dibangunkan untuk menentukan lokasi yang 
sesuai untuk takungan; ini meningkatkan aliran yang lancar dari takungan kepada 
pengguna berasaskan graviti. Kekurangan bekalan air untuk Yola juga telah 
ditentukan dengan mengira kekurangan bekalan air untuk setiap mukim pentadbiran 
dalam kawasan kajian. Tiga alternatif penyelesaian dihasilkan dan alternatif yang 
pertama dengan tiga tangki reservoir dianggap lokasi yang paling sesuai 
sebagaimana ditentukan berdasarkan kriteria yang telah ditetapkan, untuk 
memastikan litupan keseluruhan kawasan kajian. Kajian ini menyimpulkan bahawa 
analisis kesesuaian menggunakan spatial analyst extension menyediakan lokasi 
sesuai untuk tanghi reservoir untuk memastikan sistem pengagihan air yang 
optimum. 
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  CHAPTER 1 
      INTRODUCTION 
1.1 Background of the Study 
  Water is one of the basic necessities of life.  It is very important as it is the 
major  constituent of both plants and animals (Chakhaiyar, 2010). The demand for 
portable water supply and distribution increases with urbanization which is rapid in 
most of developing countries. In recent times, the rate and dimension of urbanization 
has increased, which resulted to having more than 50% of the world population 
living in urban areas within which 64% of them are in developing countries (UNDP, 
2012).  The increasing rate of population and water demand has compounded the 
issue of water sources depletion in many parts of the world. Towns and cities in 
developing countries are currently facing serious challenges of efficiently managing 
the scarce water resources, urbanization, and infrastructural decay, as well as the 
issue of sustainability of conventional water management (Zeraebruk et al., 2014). 
   An effective water distribution system requires adequate supply of water into 
the system, functional pumping facilities as well as efficient distribution network. 
Factors such as effective water distribution system, rapid population increase and 
scarce resources largely affect the prevalent water stress in mostly urban areas of 
developing countries (Zeraebruk et al., 2014). Poorly installed water distribution 
network coupled with lack of proper operations and maintenance always results in 
distribution network failure. 
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            Water distribution system is a complete system of its own with sub-systems 
that must be linked from intake down to end users. Failure of a sub-system will 
adversely affect the system, as put in by Yazdani et al. (2011) that when one or more 
component of the system is affected, the consequences are disruption of water 
services just like it occurs in other infrastructural systems. 
   The high rate of unaccounted for water losses or Non-Revenue water (NRW) 
in the water distribution network occurs as a result of ineffective management of the 
system. According to World Bank (2006), 16 billion cubic metres of water are 
delivered to consumers for zero revenue while 32 billion cubic metres of untreated 
water leaks from urban water supply system globally. About 50% of these losses 
occurs mostly in developing countries where consumers suffers intermittent supply 
while the authorities responsible for the supply are battling for supplementary 
incomes to fund extension of services (World Bank, 2006). Water managers are 
usually faced with the challenges of increased self-sufficiency; such as controlling 
energy demands and environmental impacts, safeguarding high quality, public trust 
and cost effectiveness in the water supply system, as well as eluding negative 
impacts on human health (Rygaard et al., 2010). 
            The recent development in technology has lessen the amount of work 
involved in engineering construction and projects in terms of costing of materials and 
suitability, hence it is important or vital  that the planner makes assessment of the 
relevant requirements involved in any project in accordance with the specified 
standards.  However, determination of suitable locations for water facilities falls into 
the category of utility planning called suitability analysis.  Modern software systems 
e.g. ArcGIS, TNTmips, Idrissi,  etc. tend to bridge the gap between discipline, 
specific application and geographic information system (GIS) in a way that they are 
fully integrated (Burrough, 1986).   
            GIS is defined as “an organized collection of computer hardware, software, 
geographic data and personnel designed to efficiently capture, store, update, 
manipulate, analyse and display all forms of geographically referenced information” 
3 
 
(ESRI 1992). GIS technology has been widely used in various fields, such as 
agriculture, business geography, ecology, electricity and gas, emergency 
management and public safety, environmental management, forestry, health care, 
education, mining and geosciences, real estate, remote sensing, telecommunications, 
transportation and water distribution.  Technological developments brought by GIS 
and the growing accessibility and quality of digital terrain models (DEMs) have 
significantly extended the application capabilities of DEMs to many hydrologic, 
water resources and environmental investigations (Moore et al., 1991).  
           Over the years,  digital representation of elevation has been the source of the 
information (Afshar et al., 2006; Gershon and Duckstein, 1983; Jenson and 
Domingue, 1988). Parameters like canal location of drainage splits, extent of canal 
and slope were traditionally acquired from maps or field investigations (Garbrecht 
and Martz, 1992).  However, suitability analysis in this study involves extensive data 
collection and processing such as; street data, elevation data, existing distribution 
pipeline network plan, existing land use map, and distribution standards to determine 
the suitable location of service reservoirs. 
1.2 Problem Statement  
Provision of water in good quality and adequate quantity is indispensable for 
the survival of human beings, plants and animals, anything short of that result in 
water related diseases. For decades, water supply and distribution has been a problem 
in most developing countries.  Yazdani et al. (2011) observed that lives are being 
endangered and economic growth restricted as a result of increasing water stress in 
many developing countries.  Also, Kala et al. (2007) noted that disparity will likely 
hit additional areas as population grows because many parts of the world experience 
water deficit.  Water supply cannot reach some areas due to expansion caused by 
increase in population and even some networked areas suffer insufficiency.  
Although, the level of global availability of pipe water connection is on the rise, 
longstanding and ailing network characterized the cities of numerous developing 
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countries of the world and the consequences is unreliable supply of lower quality 
(UNDP, 2006). This phenomenon is expected to worsen if unchecked, as put in by 
UNDP (2014), that more people live in urban areas than in rural areas with 54 % of 
the world’s population living in urban areas in 2014 and is expected to reach 66 % by 
2050. Kala et al. (2007) reported that “the rapid expansion of towns and cities is 
caused by rural-urban migration”.  For example, between 1950 and 1990, the number 
of cities of the world with population of more than 1 million increased from 78 to 
290 and this is expected to exceed 600 by 2025 (Serageldin, 1995).   In some cases 
the various wards/sections of the cities in developing countries are provided with 
water on rotational basis because the supply of the whole city is below requirement. 
As proclaimed by Totsuka et al. (2004), the use of irregular provision and shifting 
supplies for most hours of the day and regulating the consumers’ ability to get water 
is one of the coping strategies in a situation of inadequate water resources.   
The little water quantities conveyed through pipes at relatively low pressure 
characterized intermittent water supply and is prominent among developing countries 
(Totsuka et al., 2004).  Some of the settlements in most developing countries are 
linear settlements because provision of infrastructure does not cover areas that are far 
from the transportation routes.  Ufoegbune et al. (2010) lamented that those 
settlements situated along the transportation routes in Nigeria, are the ones usually 
provided with water supply networks. Vairavamoorthy et al. (2007) also insisted that 
the increasing rate of population especially in developing countries has worsened the 
declining of available water resources throughout the world. The available water 
resources have already been exploited while expanding the existing sources or 
developing new ones increases in terms of cost (UNESCO, 2003). 
Presently, Yola is facing almost all the water distribution problems facing 
most of the developing countries of the world. These ranges from inadequacy of 
water supply into the distribution system as well as inefficient distribution system, 
for instance; there is only storage tank (reservoir) serving the entire town, which was 
meant to serve a very small population about 40 years ago.  The water distribution 
network only covered the built up areas then when the population was small and the 
new areas of expansion due to increase in population were left out. In the hierarchy 
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of distribution, there were only principal feeder mains and small mains because there 
is only one service reservoir, trunk main that connects central distribution tank and 
other reservoirs is not there.  And even within the areas served by the network, there 
were rusted and broken pipes which lead to loss of water due to leaking and 
unhygienic water due to particles sneaking into the broken pipes.  The situation was 
compounded by poor operations and maintenance.  In addition, there is a total lack of 
database that will guide the operators to determine the number of consumers and the 
water demand within their area of operation.  
From the above analysis of water distribution problems, Yola water 
distribution problems can be categorized thus; inadequacy of the existing water 
supply, with only one reservoir of 10,000M3 capacity supplying just about 30% of the 
daily water demand for Yola. Another problem is ineffective distribution network 
and inadequacy in the provision of reservoirs to serve the entire study area due to 
expansion caused by increase in population, as the existing water distribution 
network only covers about 60% of the study area. The existing distribution network 
obtained from Adamawa state water board was on traditional paper map.  There is 
also the problem of operation and maintenance of water facilities causing wastages 
and pollution due to leakages from broken and rusted pipes. Therefore, this research 
explores ways of optimizing distribution using GIS.  
1.3 Research Gap 
Different authors wrote on GIS application in water resources planning. 
Based on the reviewed literature however, less attention is given to optimal water 
distribution system which covers both database and the physical facilities.  A study 
conducted by Huo et al. (2006) emphasized the importance of linking land use codes 
and historical billed water demand using GIS to project water demand data of Cape 
Coral, in south west Florida, United States of America. Here the system is in place, 
the information on land use/consumers premises is at hand as well as historical billed 
water demand.  Similarly, Ufoegbune et al. (2010) considered the geographical 
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position as well as elevation of various facilities of water board including reservoirs, 
pumping stations and the water distribution pipeline to propose an effective plan for 
water distribution network for Abeokuta Metropolis in Nigeria.  In addition, 
Panagopoulos et al. (2012) linked morphological slope, road network, population 
density and proximity to water sources, to prioritize the planning of a National water 
management system in necessary zones for water authorities in Mytilene, Greece. In 
this study also, the system is in place and the research was for improvement.  
Furthermore, Babah et al. (2012) investigated the “fundamental water problems 
related to the environment and health quality of water distribution”. In the city of 
Nouakchott Mauritania, using the level of enlightenment of consumers to assess the 
water they drink and how clean is their surroundings, how reachable are they to 
water and sanitation, cost of a cubic meter of water, water contamination , water and 
sanitation linked diseases  and preferences of the households as variables.  Based on 
the above, previous studies focused mostly on water quality and supply without 
much attention to effective water distribution system that ensure even distribution 
across an area, considering variables such as population, elevation, proximity and 
other variables. 
The approach adopted by those researchers also aimed at achieving optimal 
distribution at the end but some aspects of the system were functional, while in the 
case Yola being the study area, there is only one reservoir and based on the present 
population, one reservoir is not enough to cater for the town. The distribution 
network pipes were rusted and broken therefore is just like laying new pipeline. 
Information about the consumers is not available; the map of existing distribution 
network is in traditional paper format and therefore need to be converted to digital 
for easy manipulation and updating. Therefore, this research uses GIS to first of all 
represent the existing network in digital format. A suitability model was also 
developed to determine suitable location for reservoirs using DEM, population 
density, and availability of open spaces, as well as the optimal locations based on 
refined criteria. All these can be analysed, adjusted, or modified in GIS environment 
whenever the need arises because expansion may be required as the population is 
growing. Also the information on the consumers, i.e. location, requirement etc. 
which forms the database can be built upon the findings of this research in future. 
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1.4  Research Questions 
            This research seeks to answer the following questions; 
1 What is the condition of the existing distribution network in the study area? 
2 How effective is the existing reservoir in terms of supply coverage in the study 
area? 
3 What are the suitable locations for reservoirs in the study area? 
4 How water distribution can be optimized in the study area? 
1.5 Research Aim and Objectives 
The aim of this research is to assess water distribution system in Yola, 
Nigeria with a view to optimize urban water distribution. This aim can be achieved 
through the following objectives; 
1. To analyze the existing water distribution network in the study area. 
2. To examine the adequacy of reservoirs in terms of water supply and 
distribution in the study area 
3. To determine suitable locations for reservoirs in the study area. 
4. To determine optimal level of distribution to achieve maximum efficiency 
1.6 Research Design  
The research design explain how the research was carried out, describing the 
procedure used in data collection and the data collected. Also in the research design, 
the data analysis procedure as well as the software used in the analysis is being 
described. The research design comprises of five sections namely; literature review, 
data collection, data input, data analysis and the results and findings.  Figure 1.1 
below shows the flow chart of the research design for the purpose of this thesis. 
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           Literature review section covers two aspects; the first one is urban water 
distribution and the second is GIS application in water distribution. Under the urban 
water distribution aspect, literature on water sources, supply, distribution, quality and 
demand were reviewed.  Also reviewed were the literatures on GIS application 
towards solving water distribution problems, for instance the techniques used in data 
analysis and the literature covers terrain analysis, suitability analysis and proximity 
analysis. 
            Data collected for this research are secondary data; these includes existing 
water distribution network, street data, elevation data, open spaces data and 
population and household data.  At the data input stage, the data collected were 
incorporated into the ArcGIS 10.1 software for processing.  The existing distribution 
network was digitized on the street map to delineate areas covered by the existing 
network.  Open spaces map was rasterized and reclassified so can be input into the 
suitability model and population density was obtained using minor roads.  Digital 
elevation model (DEM) was also classified on ArcMap and prepared for analysis. 
Distribution pattern was also established based on the water demand, as determined 
by population. 
            Having the data integrated and processed, the data was analysed. A suitability 
model was developed with multiple inputs such as reclassified DEM, reclassified 
open spaces map and road density map.  The model was run in order to determine 
suitable locations for reservoirs. Water demand for service areas were also calculated 
based on the population and number of reservoirs required. 
In the results and findings section, the results and findings of this research 
were outlined. The findings include; suitable location for reservoirs, suitable service 
(catchment) areas for water distribution, based on the daily water demand and 
number of reservoirs. Alternative locations for reservoirs were also found based their 
criteria set and most suitable was selected.  
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1.7 Scope of the Study 
            The research is intended to covers water distribution system in Yola, the 
capital city of Adamawa state in North Eastern part of Nigeria. The research also 
targets public water distribution in Yola based on reassessment of water distribution 
facilities across the study area.  It is concerned with assessing the water requirement 
based on the population to be developed into decision making by the water 
authorities for designing daily water demand of Yola. However, agricultural and 
industrial land uses are not within the study area.  Five different datasets were used 
for the study these include: street data, existing pipeline network data, open spaces 
map, elevation data and population data.  Suitability model was developed to 
determine suitable locations for reservoirs based on elevation, population density and 
availability of open spaces. Data were collected, input, managed, manipulated and 
analyzed using GIS software to develop the model for effective urban water 
distribution in developing countries. 
1.8 Significance of the Study 
Water is essential for the survival of human beings, plants and animals, in 
good quality and adequate quantity. The use of water has a great impact on the 
social, political and natural environment, because of its fundamental importance to 
development and basis for ecosystem functioning (Braga, 2001). This research 
explores contemporary methods of achieving optimal water distribution system. As 
water supply and distribution has been a problem over decades especially in 
developing countries, exploring such contemporary methods will go a long way in 
providing solution to the lingering crisis as argued by Vairavamoorthy et al. (2007) 
that “Providing adequate water supply to the rapidly growing urban populations is a 
challenging task for governments throughout the world”.  The outcome of the 
research will serve as a platform for effective water distribution as it affects most 
developing countries.  A functional database to guide operators in urban water 
distribution is essential for maximum efficiency.  Therefore, since most if not all of 
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the water distribution systems we have in most developing countries lack a functional 
up to date database to guide the operators, this study will also guide researchers on 
optimal water distribution.  
1.9 Thesis Organisation 
This research thesis is organized into five chapters; these are introduction, 
literature review, study area and methodology, data analysis and results and finally 
conclusion and recommendations. The introduction chapter comprise of sub sections 
which include; background information which identifies and describes the history 
and nature of the research problem with reference to the existing literature on water 
resources planning. Statement of research problem indicates the root of the research 
problem being studied, for instance, identify the real issue, and examine the extent to 
which previous studies have successfully investigated the problem. Conceptual 
framework examines the thesis title and research problem; identify the variables in 
this research, review related literature to find out how scholars have addressed the 
problems identified and discuss the assumption of the chosen theory and point out its 
relevance to this research.  
Research questions outline the questions that arose in the course of relating 
the real issue with other researchers’ view on the issue. The aim of this research 
outlines the goal to be achieved at the end of the study and objectives state the stages 
to be followed in order to achieve this aim.  Scope of the study outline the extent or 
the area the research intended to cover and the problem the research will attempt to 
solve. The importance of the outcome of this is given in the significance of the study.  
The literature review is divided into two parts; urban water distribution and 
GIS application in water distribution.  In urban water distribution, literatures on 
water management, supply, distribution, demand and quality were reviewed in order 
to examine what other researchers reported about these aspects. GIS application in 
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water distribution explores other researchers’ applications of the GIS technology in 
water distribution and the benefits of using GIS in water distribution as well as case 
studies on the policies of using GIS in water resources planning. Literature on the 
techniques used in analysis in this study was also examined. This chapter also 
discusses about the benefits of using GIS in water resource planning and case studies 
and also presented in literature review chapter. 
The study area in chapter three outlines the location of the study area on the 
earth surface, the relative position of the study area in the country. Also included in 
the study area are land uses and population density.  Methodology is the process used 
in data collection for the purpose of this research. These include; the types of data 
required the sources from which the data were obtained, the procedure of obtaining 
such data and the process of data preparation for analysis. 
Data analysis and results chapter presents the analysis of the data collected on 
the course of this research, the software used in the analysis as well as the techniques 
used in the process of analysing the data fall under this chapter. Data collected and 
analysed are; street data, existing pipeline network data, open space map, elevation 
data and population data.  Suitability model was developed to determine suitable 
locations for reservoirs based on elevation, population density and availability of 
open spaces. Data were collected, input, managed, manipulated and analyzed using 
GIS software. Three alternatives were provided and the first alternative was 
considered most suitable having met the top most level of the criteria set. Also 
indicated in this chapter were the results obtained from the analysis and the findings. 
Chapter five concludes the thesis by summarizing the points made in the 
introduction and literature review; briefly reviews the research methods and design 
used, discusses the implication of the research findings, outline the limitations of the 
research in terms of scope or weaknesses and offer suggestions for future research 
related to this research.  Also in in this chapter, recommendations were made based 
on the analysis and inform the reader what action should be taken as a result of the 
findings of the research. 
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